Although age-adjusted mortality rates from cancer among Native-Americans are generally lower than for the US population as a whole, cervical cancer mortality rates are higher. This report presents results from a National Cancer Institute-funded health education program conducted among the Lumbee tribe in North Carolina that was designed to increase the proportion of women, age 18 and older, who receive Pap smears to screen for cervical cancer. The Solomon Four Group research design was used for this project. Participants were selected at random from the enrollment records of the Lumbee tribe and data collection was carried out during face-to-face interviews. The health education program was provided one-on-one in women's homes by a trained lay health educator and included verbal, print and videotape information. A total of 979 women were enrolled in the study, and 125 were lost to follow-up between the pre-test and post-test. Women who received the education program were found to be more likely to have knowledge of the Pap smear and to report a Pap smear in the past year at the post-test than those in the control group, regardless of whether they received the 
Introduction
In general, mortality from cancer is lower among Native-Americans than the US population as a whole (Valway, 1992; Nutting et al., 1993) . However, for stomach, gallbladder and cervical cancers, mortality rates for Native-Americans are significantly higher than US rates. For cervical cancer in particular, the age-adjusted mortality rate is 7.6 per 100 000 for Native-American women versus 3.1 per 100 000 for US females (1984) (1985) (1986) (1987) (1988) . Research on specific Native-American populations has consistently affirmed that they have higher cervical cancer incidence and mortality (Horner, 1990) .
Differentials between cancer mortality rates for Native-Americans and the rest of the population should be interpreted carefully, because of errors involving racial misclassification. Several studies have demonstrated that racial misclassification of Native-Americans is associated with underestimates of cancer incidence and mortality in this ethnic group (Frost et al., 1992) .
The North Carolina Native-American Cervical Cancer Prevention Project (NCP) was a 5 year, National Cancer Institute-funded research project focusing on the problem of excess mortality from cervical cancer in Native-American women in North Carolina. The overall goal of the project was to reduce mortality from cervical cancer among Native-American women by increasing the proportion who receive annual Pap smears to screen for cervical cancer. The desired increase in early detection was to be brought about by a carefully developed, culturally sensitive health education program.
Target population
The Lumbee tribe represents the largest concentration of Native-American people east of the Mississippi River. The largest concentration of Lumbee Indians reside in Robeson County, NC. The 1990 US Census enumerated the Lumbee population in Robeson County at 26 747 individuals, of which 52% were female. The average age of the Lumbee population was 26.6 years, and women age 18 and older accounted for approximately 34% of that population (Bureau of Satistics, 1992) . For the state of North Carolina, 52% of the total population was female and approximately 39% were females age 18 and older. Robeson County, the traditional homeland of the Lumbee people, is among the largest and least densely populated counties in the state. The racial/ ethnic composition of the county includes three principal groups, the Lumbee tribe, African-Americans and Whites. The socioeconomic status of Robeson County is generally below that of the state as a whole. In 1991, the annual per capita income in Robeson County was $11 686, compared to $16 848 for North Carolina (North Carolina State Data Center Newsletter, 1993) and $19 091 for the US. Employment includes farming (tobacco is the principal cash crop), textiles, manufacturing and retail businesses. Medical care in Robeson County is provided by local private health care providers, 546 the county public health department and from a nonprofit, health care corporation (Robeson Health Care Corporation). There is one community hospital located in the county and additional hospital care is also available in surrounding counties. As a State (but not Federally) recognized tribe, the Lumbee Indians do not receive services from the Indian Health Service. Unlike reservation tribes, the Lumbee Indians are integrated into the population of Robeson County. We have presented background information on the Cervical Cancer Prevention Program in a previous publication (Dignan et al., 1993) . This report presents results from evaluation of the outcomes from the program among the Lumbee tribe in Robeson County.
Methods
Previous research has demonstrated that with the Pap smear, cervical cancer can be prevented through early detection in nearly all cases (Koss, 1989; Office of Technology Assessment, 1990; Norman et al., 1991) . Previous research has also demonstrated the value of health education in increasing awareness and knowledge about cervical cancer. For example, the Forsyth County Cervical Cancer Prevention Project, a program that combined mass media and direct education, produced increases in awareness of the Pap smear and its role in early detection of cervical cancer (Michielutte, 1989a) . For high-risk women in the target population who received health care from a public clinic, a significant trend consistent with the desired behavior change was detected Michielutte et al., 1994a) .
A detailed description of the NCP health education program and its development has been published previously (Dignan et al., 1994b) . In brief, the health education program was individualized and culturally sensitive. The program was based on Social Learning Theory and was developed using established planning frameworks including PRECEDE/PROCEED (Green and Kreuter, 1991; Dignan and Carr, 1992) . The educational program consisted of two one-on-one home visits to women, 2-3 weeks apart. Individualized information on cervical cancer, the Pap smear, the importance of follow-up care when needed and access to health care services was provided during the home visits. The program was delivered by a trained, female lay health educator who is a member of the Lumbee tribe (Brownstein et al., 1992) . The lay health educator was trained by the investigators and supervision was carried out using participant observation techniques (Graeff et al., 1993) . After the two home visits, additional contact with the participants was maintained through periodic mailings that reinforced the information provided during the home visits. The program was delivered to women in the program groups over a 30 month period.
Evaluation design
The research design used to structure evaluation was the Solomon Four Group design (see Table I ) (Campbell and Stanley, 1963) . This design was selected principally because it allows for examination of the effects of pre-testing. When applied to health education programs, pre-test-post-test evaluation designs may be subject to confounding from pre-testing because the targets of health education programs, knowledge, attitudes and behavior change can be influenced by many different stimuli. It is conceivable that pretesting alone, data collection carried out before the health education program is implemented, may produce effects that interact with the health education program and influence the results obtained during post-testing. Consequently, consideration of possible interactive effects of pre-testing and education programs is important for evaluation of health education programs. The Solomon Four Group design provided an opportunity to examine such interactions (Bastani et al., 1994) . If the pretest interview produced effects, either independent of, or in concert with, the educational program, such effects could be estimated by the Solomon Four Group design.
Participant selection and recruitment
To allow for detection of a 10 percentage point change in the proportion of women reporting a Pap smear within the past year, initial sample sizes of 212 women in each group were derived based on a one-sided test with type I error P ϭ 0.05, power ϭ 90%. To allow for sample attrition over the 3 years, the sample size was increased to 250 in each of the four groups (see Table I ). The Lumbee tribal enrollment database was used as the sampling frame for recruiting participants in the cervical cancer prevention project. The practice of creating such databases for NativeAmerican populations, also known as 'tribal rolls', dates from the beginning of the 20th century and the US Government's efforts to enumerate American Indian populations. Each tribal member is listed on the rolls and entry onto the rolls is governed by individual tribal rules. For the Lumbee tribe, eligibility requirements include proof of Lumbee ancestry and involvement with the tribe. Most enrollment occurs soon after birth; other enrollment applications are reviewed and considered by the tribe. A probability random sample of Lumbee women 18 years and older was selected from the tribal roll database. First, a random sample of 5200 individuals was selected from the tribal roll. The list of 5200 names was chosen to allow identification of a sufficiently large pool of eligible women to fill all four groups in the study design (see Table I ). The sample of 5200 was manually inspected to remove ineligible persons such as known deaths, addresses recognized as being outside Robeson County, duplicate entries, males, individuals under age 18 as of July 1, 1989 and incorrect tribal membership numbers, leaving a random sample of 1686 who were thought to be women age 18 and older and resident in Robeson County. Of the 1686, attempts were made to contact 1403 by telephone and invite them to participate in the study. The remaining 283 names were retained to be contacted in the future if the needed number of women for the study could not be recruited. Of the 1403, 20 could not be contacted by telephone and were eliminated from the study, 170 were found to live outside Robeson County, 23 were dead, 24 were males and 52 were eliminated because they could not participate. Reasons cited for not being able to participate were supplied by relatives of the women listed, and included lack of mental competence, frailty and age. Of the 1114 contacted personally by telephone, 131 (11.8%) refused to participate in the study. Those agreeing to participate in the study were randomized to one of the four groups shown in Table I . For women assigned to groups 1 and 2 (groups that were to receive a face-to-face pre-test interview), an appointment for a home visit was made. For women randomized to groups 3 or 4 (groups that were not scheduled to receive a pre-test interview), identifying information and addresses were verified during the recruitment telephone call and participants were told that they would be contacted in the future.
Data collection was carried out one-on-one in women's homes by trained female interviewers, recruited from the Robeson County Lumbee population and trained by the investigators. The interview was guided by a questionnaire that was organized into sections focusing on perceptions about health status, use of health care services, health behaviors, knowledge, attitudes and behaviors related to cervical cancer, and descriptive demographic characteristics. Pilot testing was carried out with the questionnaire to ensure cultural appropriateness of the items, as well as to anticipate logistical barriers. Administration of the questionnaire was relatively brief, requiring an average of 20 min.
Recruitment of participants and pre-test data collection began in August, 1991, and was completed 3 months later in November, 1991. Quality control for data collection was carried out by making telephone calls to a random sample of 10% of the households where an interview was 548 completed. The quality control telephone calls included inquiry to corroborate the interviewers' records of when and where the interview had occurred, verification of participant identification, directions to the household, and responses to selected survey items.
Post-test data collection was carried out 6 months after the education program was completed. A total of 125 women who had been recruited at the beginning of the study were lost to follow-up. Of those receiving the pre-test interview, 51 (41%) were lost to follow-up, compared to 74 (59%) of those who did not receive the pre-test interview. Although losses to follow-up were more common among the program group, there were no significant differences in the proportion lost by age, marital status, education, income or number of years since the last Pap smear. As mentioned earlier, it was planned that a total of 1000 women would be enrolled in the study, 500 to receive the pre-test interview and intervention, and all 1000 to receive the post-test. Although the number of women enrolled and retained in the study was less than anticipated, the loss in power to detect differences in the proportion of women reporting Pap smears during the past year on the post-test was only about 6% which means that the resulting power was about 84%.
Measurement and analysis
The main outcomes of interest included: (1) knowledge of the Pap smear as a test for cervical cancer, (2) intentions to obtain a Pap smear in the next year and (3) reports of having had a Pap smear within the past year. The extent of identification with Native-American culture, access to health care services, sources of payment for Pap smears and history of abnormal Pap smears were also included in analyses to determine their impact as modifiers of knowledge, intentions and behaviors.
Knowledge about the Pap smear
Knowledge about the Pap smear was measured using responses from three items, all coded as dichotomies with a value of 1 for those giving a positive response to an item and 0 for negative Health education among Native-American women responses. Knowledge was measured as the sum of responses to the three items. The items included knowledge that cervical cancer can be detected by the Pap smear, that cervical cancer has the best chance for cure when it is found early and that getting medical care early in its course is the best way to treat cervical cancer. For analysis, a dichotomous measure was created with values of 1 for those respondents who answered all items correctly and 0 for all others.
Intention-plans to obtain Pap smears
Intention was measured as a response indicating that a woman intended to get a Pap smear within the next 12 months. A single questionnaire item asked women to rate the likelihood that they would get a Pap smear within the next year. Women who indicated that they were 'very sure' that they would get a Pap smear within the next year were assigned a value of 1; all others responding to the item were coded as 0.
Behavior-obtaining Pap smears
Behavior was measured as a report of having had a Pap smear within the past year. Since it is common for women to over-report by incorrectly assuming that Pap smears are always included with pelvic examinations (Michielutte et al., 1991) , the interview was deliberately structured to separate reports of pelvic examinations and Pap smears. We selected a time of 1 year for the Pap smear response because the excess mortality from cervical cancer among Native-American women suggests that they are at high risk and should have annual Pap smears.
Identification with Native-American culture
Three items were used to assess the extent of identification with Native-American culture. For analysis, the responses to the three items were combined to form a single dichotomous variable. Women who responded positively to any of the three questions were coded as 1, which was defined as having a more traditional orientation toward 549 health, and women who responded negatively to all three questions were coded as 0, defined as having a less traditional orientation.
Data analysis
Characteristics of the women in the study included age, marital status, education, income, health insurance, having an annual physical examination, history of abnormal Pap smears and identification with Native-American traditions. The dependent variables included knowledge of the Pap smear and its role in the early detection of cervical cancer, intention to obtain a Pap smear in the next year, and reports of having a Pap smear within the past year. Odds ratios calculated using methods by Thomas and Gart (1992; Fleiss, 1981) were used to assess the changes in knowledge, intentions and behavior (Pap smears) between the program and control groups at the post-test, controlling for pre-test. Logistic regression (Kahn and Sempos, 1989 ) was used to assess the effects of the pre-test and the educational program, after adjustment for characteristics of the women in the study. Indicator variables were included to identify whether participants received the pre-test and/or the education program.
Results
A total of 424 pre-test interviews were completed. Respondents ranged in age from 18 to 91, with a mean of 42.4 years (SD ϭ 16.35). General, descriptive information on the program and control groups at the pre-test is presented in Table II. As  Table II shows, the program and control groups were similar at the pre-test in terms of marital status and income, differed marginally in income (χ 2 ϭ 9.7, P ϭ 0.053) and were significantly different in terms of education (χ 2 ϭ 13.9, P ϭ 0.003). Over half of the women in the program and control groups were less than 45 years of age, currently married and over 60% had high school or more education. Over 50% reported annual incomes of $20 000 or less.
Over 60% of the Lumbee women interviewed reported that they had annual physical examinations. The issue of whether women receive annual M. B. Dignan et al. Table III presents descriptive data on knowledge about the Pap smear, intentions to obtain a Pap smear in the next year and reports of Pap smears in the past year for the post-test, by study group. (Data for women who responded to the pre-test but not the post-test were not included in analysis of the study outcomes and are not included in Table III.) Responses to the knowledge items revealed relatively little difference in the proportion answering the knowledge items correctly among the study groups. Table III also includes a summary knowledge variable, however, that presents the proportion of women who answered all three items correctly. For the groups that received the pre-test, 81.5% of the women who received the program answered all of the knowledge items correctly, compared to 76.4% of the controls. For those who 551 did not receive the pre-test interview, 84.9% of women who received the program answered all of the knowledge items correctly, versus 81.2% of the controls. There was no significant difference in the proportion answering all of the knowledge items correctly between the program and control groups that received the pre-test (OR ϭ 1.35, 95% CI ϭ 0.82, 2.25). For the groups that did not receive the pre-test, the difference in the proportions in the program and control groups answering all of the knowledge items correctly was statistically significant (OR ϭ 1.75, 95% CI ϭ 1.04, 2.95).
Data on intention to obtain a Pap smear in the next year is also shown in Table III . The proportion of women who received the pre-test interview and education program and indicated that they were 'very sure' that they would get a Pap smear in the next year was 44.9%, compared to 33.2% for the controls (OR ϭ 1.64, 95% CI ϭ 1.08, 2.49). For those who did not receive the pre-test interview, 46.1% of the women who received the education program were very sure that they would get a Pap smear in the next year, compared to 53.9% of the controls (OR ϭ 0.73, 95% CI ϭ 0.49, 1.09). Thus, the difference in intentions between the program and control groups was only statistically significant for the groups that received the pre-test.
Finally, Table III shows that the proportion of women reporting a Pap smear within the past year who received both the pre-test interview and education program was 74.6%, compared to 69.1% for the controls (OR ϭ 1.3, 95% CI ϭ 0.83, 2.08). For the groups that did not receive the pre-test interview, 74% of those who received the education program reported a Pap smear within the past year on the post-test, compared to 66.8% of the controls (OR ϭ 1.41, 95% CI ϭ 0.91, 2.19). For behavior, therefore, there were no significant differences between the program and control groups for those who did and did not receive the pre-test.
Further analyses controlling for receipt of the pre-test showed that for knowledge, the program groups were more likely to answer all of the items correctly (OR ϭ 1.54, 95% CI ϭ 1.08, 2.20). For intentions, there were no significant differences between the program and control groups (OR ϭ 1.08, 95% CI ϭ 0.81, 1.43), but the interaction between receiving the pre-test and the program was statistically significant (P Ͻ 0.05). For behavior, there was no significant difference in the proportion reporting Pap smears in the past year between women who received the program and the controls (OR ϭ 1.36, 95% CI ϭ 0.99, 1.86).
Logistic regression analysis
The influence of the education program, both with and without the pre-test, on knowledge, intentions and behavior (reported Pap smears in the past year) was tested using logistic regression. Indicator variables were created for the education program and pre-test (0 ϭ no program, 1 ϭ program; 0 ϭ no pre-test, 1 ϭ pre-test) and a variable for their interaction was created by the cross product of the 552 two indicator variables. Estimates for the main effects and interaction on the dependent variables, knowledge, intention and Pap smear in the past year were then derived. A statistically significant interaction was found for intention to obtain a Pap smear in the next year (OR ϭ 3.41, P Ͻ 0.001), which suggests that the combined effects of the pre-test and education program operated to influence the odds that women reported that they intended to obtain a Pap smear in the next year on the post-test. No statistically significant interactions were found for knowledge or reported Pap smear in the past year.
The logistic regression analyses of the influence of characteristics of the women in the study on knowledge, intentions and Pap smears in the past year are summarized in Table IV. As Table IV shows, the odds of women answering all of the knowledge items correctly on the post-test survey was affected by age, education, identification with Native-American culture, having an annual physical examination and receiving the education program. The odds of answering the knowledge items correctly were greater in women who (1) were age 45-54, (2) reported having completed education past the eighth grade, (3) identified with Native-American culture, (4) had annual physical examinations and (5) received the cervical cancer education program.
The odds of women reporting intentions to obtain a Pap smear in the next year, as shown in Table IV , was affected by marital status, education, having an annual physical examination and reporting a history with an abnormal Pap smear result. Women who were widowed, divorced or separated were less likely than married women to report that they intended to obtain a Pap smear in the next year. Education was related to intention in the same way as knowledge; the odds of reporting an intention to obtain a Pap smear in the next year increased with educational level. Women who reported that they have annual physical examinations were almost three times more likely to intend to obtain a Pap smear than those who did not have an annual examination and women who reported having had an abnormal Pap smear were nearly 1.7 times as likely to intend to obtain a Pap smear. The significant interaction between receiving the pre-test and the education program for intention to obtain a Pap smear shown in Table IV suggests that the combination of the education program and the pre-test increased the 553 odds of reporting intentions to obtain a Pap smear in the next year.
The odds of reporting a Pap smear in the past year was affected by age, having an annual physical examination and receiving the cervical cancer education program (see Table IV ). Women age 35-54 were less likely to report a Pap smear in the past year than women age 24 and younger, and those who reported that they have an annual physical examination were approximately six times more likely to report a Pap smear in the past year than women who reported that they did not have annual physical examinations. Finally, women who received the education program were about 50% more likely to report a Pap smear in the past year than women in the control group.
Discussion
The results from the evaluation of the NCP are encouraging, in light of previous cervical cancer education projects (Michielutte et al., 1989b; Sung et al., 1992; Lacey et al., 1993) . In general, previous projects have demonstrated that increases in awareness and knowledge can be produced by health education programs, but behavior changes, if found at all, have been limited to subgroups of the target populations. The evaluation of the present project found clear evidence that the education program had a positive influence on knowledge and behavior (Pap smears). Intention to obtain a Pap smear in the next year was affected by both the pre-test and the education program.
The use of the Solomon Four Group research design and the Native-American culture of the target population represent important differences between the present study and previous cervical cancer prevention projects. The Solomon Four Group research design provided an opportunity to examine the effects of the program with and without a pre-test interview. In one group (see Table I ), women were interviewed before they received the education program. Through participation in the pre-test interview, the women in group 1 were exposed to discussion about cervical cancer and the Pap smear before they received the education. In group 3, women were not interviewed before receiving the program and presumably were only exposed to information about cervical cancer that would be available to anyone in the community. The results from analysis of the post-test data, given these two situations, suggest that the pre-test interview interacted with the education program and this interaction was associated with changes in intentions to get a Pap smear. Thus, it appears that the pre-test may have functioned as part of the education program for some women, resulting in positive changes in intention to get a Pap smear that exceeded those among women who received the education program without the pretest interview. No evidence was found that the pre-test affected knowledge or behavior, however.
The Solomon Four Group research design was cumbersome to implement. The process of enrolling women who were not to receive the pretest interview or the intervention (see Table I , group 4) was particularly challenging. The fact that so few of these women were lost to followup, in spite of no attempts to contact them between enrollment and the post-test interview, suggests that the target population for this project was unusually stable. Despite its cumbersome nature, the Solomon Four Group design allow important questions about health education to be answered. The potential for intervention effects to be mixed with those produced by pre-testing is a potentially important artefact for health education research and suggests that post-test only designs, with randomization, should be strongly considered for health education research. Pre-test conditioning of participants appears to have considerable potential for contributing unsystematic error.
A second difference between previous cervical cancer education projects and the present project was the Native-American culture of the target population. Although knowledge about the Pap smear and cervical cancer was apparently affected by identification with Native-American culture (see Table III ), the results should be interpreted cautiously. Assessment of the role of culture in health behavior change is very challenging and it is likely that there are many important characteristics of the Lumbee culture that influence health behavior that were not included in the interviews. At the same time, it is also unlikely that cultural influences on health behavior would be revealed in the casual atmosphere of the health-related interviews.
Health education among Native-American women Many Native-American cultures view their health-related customs to be sacred and do not reveal information about their beliefs or behaviors. It is a common belief, for example, that discussion of traditional remedies reduces or eliminates their effectiveness (Michielutte et al., 1994b) . These results suggest that further study of the influence of American Indian cultural factors on efforts to increase early detection of cancer is needed.
The proportions of women reporting Pap smears within the past year in the program and control groups were quite similar at the post-test and in both groups the proportions were higher at the post-test than at the pre-test. Why were the reports of Pap smears in the program groups so similar to those in the control groups? Explanations include possible contamination among the study groups, an increasing (secular) trend in Pap smears in the population in general or both. Contamination among the study groups was a concern of the investigators from the beginning of the project. To minimize contamination, data collection and program activities were administered separately. To reduce the chances that interviewers would inadvertently give cues to participants about the education program, the training included an overview of the project, but no specific information about the education program was given. The interviewers were trained to refer participants who requested additional detail about the project to the investigators. With regard to a secular trend of increasing Pap smears in the study population as a whole, at the pre-test 44.3% reported having insurance that would pay for all or part of the cost of a Pap smear. At the post-test, over half (50%) reported having insurance to pay for Pap smears. This change suggests that financial barriers to obtaining Pap smears may have decreased in the period between the pre-test and post-test, and that the reduced barriers affected the program and control groups equally.
The education program was delivered by a trained, Lumbee lay health educator. Previous projects have demonstrated the value of the lay health educator approach to community interventions and the results from the present project 555 support the value of this strategy. The use of lay health educators in cancer education appears to be promising and further research is needed to improve understanding of the potential range of actions of lay health educators. The present project demonstrated that individualized health education produced slightly higher levels of change in knowledge and intention toward obtaining Pap smears than mass media-based and group-based education programs. With regard to behavior, however, although the results from the intensive, individualized program were statistically significant, the amount of behavior change achieved was small. Education, income, ethnic identification and access to health care were found to be factors that influenced the success of the education program, and those at highest risk were generally not the most likely to respond favorably. Increased understanding of the influence of health education among women with low educational levels, limited income and limited access to health care is needed.
